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(54) Explicit routing method 

(57) The present invention relates to an Explicit 
Routing Method used in a pocket-based network con- 
taining a number of network-nodes, source-nodes and 
destination-nodes. All before mentioned network ele- 
ments are interconnected by links. This method is used 
to route a packet-flow from a source node towards a 
destination node, along an explicit path through a 
number of these network-nodes. This method includes 
the step of determination of the explicit path of the pack- 
et-flow between the source-node and the destination - 



node. A subsequent step is the determination of the rel- 
evant intermediate network-nodes situated on the ex- 
plicit path which are necessary to deviate said packet- 
flow from a hop-by-hop-path onto said explicit path and 
further 

adding only addresses of these relevant intermediate 
network-nodes to the packets of the packet-flow. A fol- 
lowing step is forwarding the packet-flow from the 
source-node towards the destination-node in direction 
of the explicit path. 
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Description. . . . . ^ \-, 

[0001] The present invention i relates to an explicit 
routing method for altering the normal routing of. a pack- 
et-flow as described in the preamble of claim 1, rejated 
arrangements as described in the preambles of claim 4 
and a source node as descrfoed in the preamble of claim 
7. . , , , " c ; '. . « •• ^ ' ;; , ^ 

[0002] Such; an , explicit, routing method, is already 
known in ttie art, e.g. from the internet .document "IN- 
TERNET PROTOCOL, DARPA INTERNET PROGRAM 
■ PROTOCOL SPECfFJCAJlOfcyfith reference BFp791 , 
published in September 1981 by Internet. Engineering 
task Force (IETF). ^ . . ^ ] 

[0003] .Therein a method of explicit routing through an , 
internet network, called loose or strict source routing, is 
described. A packet-flow, is forwarded from a source- 
node towards a destination node along an explicit path. 
An explicit path, is specified, by intermediate network- 
nodes. The addresses of these intermediate network- 
nodes are put in the header of each packet of the packet- 
flow. By putting the addresses of these interniediate net- 
work-nodes of the explicit path in. the header of each 
packet, the overhead of each packet is substantially 

large. , .■>..,-: : • ; ,• ; .- 

[0004] Anobject of the present invention, is to provide 

, an explicit routing method of the above known type but 
the packet-overhead should be reduced substantially. 
[0005] According to the present invention , th is object 
is achieved by the methodas claimed in claim, 1, the 

; arrangements as claimed in claim 4 and the source node 
as claimed in claim 7. . f : 

[0006] . Indeed, by determination of only those inter- 
mediate network-nodes on the explicit path that are nec- 
essary to deviate the packet-flow from the hqp-by-hop ; 
path onto the explicit path the object of the present in- 
vention is achieved. As long as a packet-flow is forward- 
ed to a downstream .intermediate network-node, on the 
explicit path that also is situated on the hop-by-hop path, 
the packet-flow will be forwarded without adding the net- 
work-node, address to each .packet, because the com- 
mon present routing mechanism will handle the forward- 
ing along r the hop-by-hop path. Consequently, by only 
adding the explicit specification of this downstream net- 
work-node necessary to, force the packetrfiow onto the 
explicit path, the packet header overhead is reduced 
substantially compared to the explicit routing method as 
known in the art. * , . _•■ - , * ) r 

[000J] K is to be noticed that in spite of th^ fact that 
the.prior art document is situated within the, internet ar- 
ea, ; the ; invention is not restricted hereto because the 
present invention can be applied in any packet-ipased 
..network.. . < •. n , ; : _ 
. [0008] : An other characteristic f eatu re of th e, p resent 
invention is described in the appended claims 2 and .5 
and is, related to the determination of relevant interme- 
diate network nodes, .. ^ - . ■■ -.r.-f.;..-; 
[0009] :11-th e source node only has information: at its 



disposal, concerning the shortest path tree .from the 
source,; node towards all, other network nodes and the 
destination node. The shqrtest path tree then is used, 
. by the source node, to determine which network nodes 
s . on the explicit path ar^ n^es^ry'todeviate'the packet- 
, flow from the, hqpiy-hoip^ppih onto the explicit path. 
" x [0010] A further characteristic feature of the present 
invention is described in the appended claims, 3 and 6 
and are also related to the determination of relevant in- 
fo , .termediate network nodes. t 

[001 1 ] If th e sou rce node is provided with information 
concerning the. shortest path trees from the source 
node, from each of the network nodes and the destina- 
tion node towards all other nodes present within the net- 
is work, the source node can based hereon determine 
whichnetwork nodes on the explicit path are necessary 
to deviate the packet-flow from the hop-by-hop path on- 
to the explicit path, the result is optimised compared to 
the previously described situation, meaning that the 
20 number of the to be added network node addresses is 
, reduced or in the worst case 'the ^same. ' 
[0012] The above and,otherobjebts and features of 
the invention will become more apparent and the inven- 
tion itself will be best 'u^dersto^y^>eferrin<g to the fol- 
25 lowing description of an i embodiment taken in conjunc- 
tion with the accompanying (irawings wherein: 
\i Fid. 1 represents an" internet net^ ex- 
plicit routing method of the.present inveintbn is realised; 
FIG2 represents the functional* built-up of source node 
30 ,SN 1 of, FIG. 1;. FIG. 3 represents a shortest path tree 
from source node SN 1 towards all network nodes of the 
internet protocol network as presented in FIG. 1 ; FIG. 
. 4. represents the functional built-up of source node SN1 
connected to a network management node NMN; and 
35, each of FIG. 5 up to FIG. 11 .respectively represents a 
shortest path tree from i one of the network nodes to- 
. wards all of the other network npdesrthe source nodes 
., SN1, SN2 and the destination node DN. 
[0013] In the . following paragraphs, Referring to the 
40 drawings, an implementation of the method and related 
. arrangement according to the present invention will be 
described. In the first paragraph. of this description the 
main elements ol this explicit routing arrangernent are 
* described. In the second paragraph, all connections be- 
45 tween the before mention ed ; internet network elements 
and described,.means are^defined. Jn.the succeeding 
paragraph the actual execution of the. explicit routing ar- 
f . rangement. is described ; .TTiereafter,, in the further de- 
. scription a second embodiment of the present invention 
so : . is described. t . r . ' r n 

[0014] The essential network elements of this embod- 
, . iment of the present invention are/the source nodes SN 1 
and SN2 t therietwork nodes^Klfsl j -NN9 and the destina- 
tion node DN as shown .in FljG. '1 . In .this embodiment 
55 both the. source nodes SN1.SN2 and the destination 
node DN are computer terminals connected to the inter- 
^ net network and the network nodes NNl - NN 9 are rout- 
, ing devices., 
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[0015] The source nodes SN1 [ SN2 both are cbnnect- 
.ed to network rjbde NNV/NetWork NodeNNI is connect- 
ed to the network nodes NN2 and NN3 which are, in its 
turn I are' connected to network "Node KJKI5. Network 
Node NN5 is connected to network hdbe NN6. Both net- 
work Node NN2"and NN6" are ' connected to 1 'network 
node NN4. Network node NN6 is also connected to net- 
work node NN7, which in its turn is connected to network 
nodes NN4 and NN8. Network node NN8 is connected 
to network Node NN4 and NN9 that in its turn' is con- 
nected to destination node DN. Alt mentioned connec- 
' tibns between the described network elements exist of 
an IP-link, 

[0016] An important network element is the' source 
node SN1, as presented in FIG. 2, which takes care of 
the sending of an internet packet flow from source node 
SN1 towards destination node DN along an explicitly de- 
termined route. 

[001 7] Trie main elements of source node SNi are the 
explicit path determination means EPDM which takes 
care of determining the explicit path between the 
source-node SN1 aind the destination-node DN, the in- 
termediate ne^ork-npde adding' means I NNAM which 
is adapted to add intermediate network-nodes address- 
es to each packet of the internet packet-flow and a for- 
warding means''FM 4 \^fch' takes care of forwarding the 
internet packet-flow 'from the source-node SN1 iri direc- 
tion of the destination -node DN along the before deter- 
mined explicit path. 

The intermediate network-node adding means I NNAM 
contains a relevant intermediate' network-nodes deter- 
mination means RlNNDM handling the determination of 
all relevant intermediate network-nodes on the explicit 
path which are necessary to deviate said packet-flow 
from a hop-by-hop-path onto said explicit path and a rel- 
evant intermediate network-nodes adding means RIN- 
N AM which is adapted I to only add addresses of the rel- 
evant intermediate network-nodes to each packet of the 
internet packet -flow:' Besides these means there is a 
shortest path tree holding means SPTHiyi which' holds 
information about the shortest path tree from the source 
node towards each of the network-nodes' and the des- 
tination nodes. \' : 11 ' ; v : - ;t 
[0018] The explicit path determination means EPDM 
is coupled to the relevant intermediate network-nodes 
determination means RlNNDM which in its turn is cou- 
pled to ' a relevant intermediate hetwork-hddes adding 
means RINNAM. Thef relevant intermediate network- 
* nodes adding means RINNAM is coupled to the forward- 
ing means FM which has an output terminal that is also 
. an qutput-terrhinal O bf'the Source node SUh . ' 
[001 9] In order to explain the operation of the present 
invention it is assumed that source node SNT intends to 
send an internet protocol packet : flow, further referred to 
as ah IP packet-flow, towards destination node DN 
along ah' explibit J path instead of abng the usually fol- 
lowed hop-by-hbp path in' order to reduce the' load over 
the links between Network node NN2 and network node 



NN8 of this hop-by-hop path. The explicit path is 1 as- 
sumed to lead through the network-nodes NN1 -NN2- 
; :f 'NN5fNN6-NN7-NN8-NN9 as presented in FIG. I.'lt is 
furtheVassumed that the normal hop-by-hop path 1 leads 

5 through the network nodes NNT-NN2-KlN4^NNB-NN9. 
iris also assumed that the shortest patrv tree holding 
means SPTHM of the source node SN1 only possesses 
information concerning the shortest path tree between 
the source node SN1 arid all other network nodes of the 

10 internet protocol network as presented rn FIG / 3. The 
source node SNI uses this information to determine 
which network nodes on the explicit path are necessary 
to^deviate'the lP packet-flow from the hbp-by-hop path 
in the following way. j / , 

is Ih a hon-optim is ed approach of explicit routing, each I P 
packet-header Swould contain the network node ad- 
dresses^ the network-nodes NN1-NN2-NN5-NN6- 
NN7-NN8-NN9-DN 1 in order to route ah IP packet-flow 
from source node SN1 towards destination node DN. 

20 The explfcit path determination means EPDM deter- 
mines this explicit path by reception of the manually en- 
tered explicit' route at the source node' SNi. In order to 
r ' reduce'the number of destination addresses; the rele- 
vant intenried rate network node determination means 

25 RlNNDM of the source node SN1 then considers, if each 
of this' network node addresses is necessary to fee put 
in the packet -header for reaching the destination via the 
■ explicit path. This is done by usinij the next' following 
algorithm together with the shortest path tree infonma- 

30 tibn as presented in FIG. 3: * *- r :/ ' 

Consider each of the (network node addresses on the 
explicit path NN1 -NN2-NN5-NN6-NN 7-NN8-NN9-DN, 
starting from the last network node NN9 and going in 
" upstream direction, along the explicit r path t towards the 

35 source node SN. If this network node' is* not situated on 
a branch df the shortest path tree, between the adjacent 
■■' upstream network node and the closest downstream 
network node which was already selected to be rele- 
vant, it is necessary to select this network node also to 

40 be relevant: - ? c " : 

; Consequently it is determined that the following network 

" ;J nodes NN2-NN5-NN7-NNS together with the destina- 
tion node DN are relevant: Subsequently the relevant 
intermediate network node adding means RINNAM will 

4s ' add these relevant network nodes together with the des- 
tination node to each packet of the IP packet-flow. Fur- 
ther, the forwarding means FMof source node SN1 will 
forward the modified IP packet-flow towards, the first 

' network node -as specified in the packet-header, net- 
so" ■ wof lc node NN2. The farther continuation of the routing 
of the IP packet-flow dbes^not differ from the handling 
' : r of explicit routing as known in the art. ;: 

[0020] It is to be remarked that another possible im- 

r : plementation of the present invention is that the source 

55 node is provided with information concerning the short- 
l est path trees from the source node, from each of the 
network nodes and the destination node towards all oth- 
' : er nodes present within the network. Based hereupon 
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the source node can determine the hop^y'hbp path to- 
wards the destination node. This embodiment is exe- 
cutes in a similar Way as the previously described em- 
bodiment this embodiment is built up in the same way 
as the previously described embodiment. Differently' 
compared to the previous described embodiment is that 
the shortest path tree holding means SPTHM is situated 
in ! a network management node NMN, as^presented in 
FIG. 4, holdinglhformatioh about all shortest path trees 
from the source' node, from each of the network nodes 
and the' destination node towards all other nodes 
present within the network. The shortest path tree hold- 
ing means SPTHM* of the network management node 
NMN further is connected via input I to the relevant in- 
termediate network node determination means 
PtlNNDM' of source node SN1 '. Differing from the before 
described embodiment is that the relevant intermediate 
network node determination means RINNDM' of source 
node SNV is able to use these shortest path trees as 
presented in FIG. 5 up to FIG 11 to determine which of 
the explicit node addresses are not necessary- to put in 
the IP packet headers. Based on this information, which 
is at the disposal of the source node SNV, the source 
node SN1 ' determines which network nodes on the ex- 
plicit path are necessary to deviate IP packet-flow from 
the hop-by-hop path in the following way. 
The explicit path determination means EPDM 1 of source 
node SNV determines this explicit path by reception of 
the manually entered explicit route at the source node 
SNV. In order to reduce the number of destination ad- 
dresses, the relevant intermediate network node deter- 
mination means RINNDM" of the source node SN1 ' then 
considers if each of this network node addresses is nec- 
essary to be put in each of the packet-headers of the IP 
packet-flow for reaching the destination via the explicit 
path. This is done by using the next following algorithm 
together with the shortest path tree information as pre- 
sented in FIG. 5 up to 11: 

Consider each of the network node addresses on 
the explicit path NN 1 -NN2-NN5-NN6-NN7-NN8- 
NN9-DN, starting from the last network node NN9 
and going in upstream direction towards the source 
node SN. If this network node is not the next hop- 
node of the adjacent upstream network node in di- 
rection of the closest downstream network node 
which was already selected to be relevant, it is nec- 
essary to select this network node also to be rele- 
vant. 

Consequently it is determined that the following net- 
work nodes NN2-NN5-NN7 together with the desti- 
nation node DN are relevant 
Subsequently the relevant intermediate network 
node adding means RINNAM' will add these rele- 
vant network nodes together with the destination 
node to each packet of the IP packet-flow. Further, 
the forwarding means FM' of source node SN1 ' will 
forward the modified IP packet-flow towards, the 
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■' ( first network node as specified in the packet-head- 
er, network node NN2.( The further, continuation of 
■ the routing of the IRpacket-ttow does not differ from 
v the handling of explicit routingias known in the art. 

[0021] It is further to be remarked that a-kind of inter- 
net protocol network usually exists of a large number of 
source nodes, network nodes and, destination nodes, 
but for reasons of simplicity only a limited network is de- 

to> scribed. There is also a source mode SN2 included 
which may have the same functionality as described for 
^ source node SN1, SNV. 

[0022] Another remark is that the present invention 
can be implemented within other each packet-based 

is networks 

[0023] Although the above embodiment of the inven- 
tion has been described by means of functional blocks, 
their detailed realisation based on this functional de- 
scription should be obvious for a person skilled in the 

20 art and is therefore not described. 
- [0024] While the principles of the invention have been 
described above in connection with specific apparatus, 
: " it is to be clearly-understood that this description is made 
on ly by way of example and not as> a limitation on the 

25 scope of the> invention, as;: defined ^in the appended 
claims. 



- Claims . 

30 • • ; . . 

1. Explicit routing method to be used in a packet- 
based network comprising a plurality of network 
nodes, source-nodes and destination nodes allin- 
terconnected by links, said method being used to 
35 route a packet-flow from a source node of said plu- 
rality of said source-nodes towards a destination 
nodeof said plurality of destination-nodes, alongan 
explicit path through at least one of said network- 
nodes, said method comprising the steps of: 
40 • . ■ ' ' • •:. ■ ■ - : " -'.v.r r-'i ■ 

a. determination of said explicit path of said 
packet-flow between said source-node and 
■ said -destiriatbn-noder 
.. . b. adding intermediate network-nodes ad- 
45 r . dresses to alt packets of said packet-flow; and 
' c. forwarding said packet-flow from said 
source^node towards said destination -node 
: along said explicit path, CHARACTERISED IN 
THAT said step b. comprises the sub-steps of: 

50 ■ ■ ■ " i - -• .'v. ■ v.:-. \;. • 

b1 . determination of relevant intermediate net- 
: ; work-nodes on said explicit path which are nec- 
: essary to deviate said packet-flow from a hop- 
by-hop-path onto said explicit path; and 
55 b2. adding only addresses of said relevant in- 

-'' ■ termediate network-nodes to said packets of 
"->' said packet-flow- . - 
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2. 'Explicit routing method according to claim 1, 
- CHARACTERISED IN THAT said determination of 

' ^relevant intermediate network-nodes.is based on a 
shortest path tree from said source node towards 
each of said plurality of network-nodes and desti- 
nation nodes. -tf 1 ■' > : 

3. Explicit' routing method according to claim l , 
CHARACTERISED IN THAT said determination of 
relevant intermediate network-nodes is based on a 
shortest path tree from each node.of said plurality 
of network-nodes, of said source-nodes and of said 
destination nodes towards each other. 

4. Explicit routing arrangement, for use in a packet- 
based network comprising a plurality of network 

• nodes (NN1 -NN9), source-nodes (SN.1 . Sr>M \ .SN2) 
and destination' nodes (DN) all interconnected by 

* links, said arrangement beincf adapted to/pute a 
packet-flow from a source node of said plurality of - 
said source-nodes (SN 1, SN 1', SN2) towards a 

v destination node of ;«aid plurality of destination- 
1 nodes (DN), afohg ah explicit path through at least 
' one of said networtenodes NN1-NN9), said ar- 
rangement comprising the following means: : 

a. explicit path determination means (EPDM, 
EPDM'), adapted to determine said explicit 
path between said source-node (SN1, SN1\ 
SN2) and said destination-node (DN); 

b. intermediate network-node adding means 
(INNAM, INNAM'), adaptedtoadd intermediate 
network-nodes addresses to all packets of said 

. packet-flow; and v « 

» c. forwarding means (FM, FM'), adapted to for-, 
ward rsaid packet-flow f rom said source-node 

1 (SNT, SN1\ SN2) towards said destination- 
node (DN) along said explicit path, CHARAC- 
TERISED IN THAT said intermediate network- 
node adding means (INNAM, INNAM") conv 
prises the means* of : ..m- . 

b1 . relevant intermediate network-nodes deter- 
mination means -(RINNDM.r FN NNDM'), adapt- 
,• : ed .to determine all: relevant .intermediate net- 
work-nodes (NN1-NN9) on said, explicit path 
■ which are necessary to deviate said packet- 
flow from a hoprby-hoprpath onto said explicit 
. path; and: : : ; : ^; * 

b2. relevant intermediate network-nodes add- 
-.->« - ing means ( Rl N N AM , vRINN AM* ) , adapted to 
. ■ " onlyadding addresses of said relevant interme- 
. diate, network-nodes. (NN1 T NN9) to said pack- 
. . ets of said packet-flow. 

5. Explicit routing arrangement according to claim 4, 
CHARACTERISED IN THAT said relevant interme- 
diate network-nodes determination means 



. ... <: ;z KRINNQM, RINND M 1 ), is further, adapted to deter- 
... - j .mine ( said all relevant intermediate network-nodes 
4 . 9 based on a shortest path tree from said source node 
, 5 (SN1, SNVj SN2) towards each of said plurality of 
5 network-nodes (NN1-N N9) and destination nodes 

. 6. Explicit routing arrangement according to claim 4, 
. CHARACTERISED IN THAT said relev^nt.interme- 
10 diate , network-nodes determination means 
(R)NNDM, RINNDM') is. further adapted, to deter- 
. r i sr mine said all relevant intermediate network-nodes 
. : , j if based on a shortest path .tree from each node of 
r ; . - said plurality of JietworkTnodes (NN1 -NN9), sburce- 
is [' , nodes (SNI .SNr SN2) and destination nodes,(DN) 
r , ; ^ i tqwards each other of said plurality of said netwbrk- 
. , noc|es.(NN1-NN9) and destination nodes (DN). 

.*: . 7. .u Source node, (SNI.SKI', Sr^2) including an explicit 
20, . . 1 v routing arrangement as claimed in ,on e of th e. claims 

- ..... 4 to 6.: ' Jz,.]''-.)- - :x ; , [' 
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